Background and Objective Allergy immunotherapy (AIT) with the SQ Ò grass sublingual immunotherapy (SLIT)-tablet has been shown to be efficacious, well-tolerated and to improve disease-specific health-related quality of life (HRQoL) in controlled clinical trials. The aim of our study was to investigate HRQoL in patients with allergic rhinoconjunctivitis routinely treated with the SLITtablet and taking symptomatic medication as needed compared with patients treated only with symptomatic medication. Methods In a non-interventional, open-label study, patients treated with the SLIT-tablet were observed for about 12 months compared with patients only symptomatically treated. Patients assessed their HRQoL with the 12-Item Short Form Health Survey (SF-12) and the Rhinitis Quality of Life Questionnaire (RQLQ) in the grass pollen seasons (GPS) at baseline (GPS1, HRQoL1), after GPS1 (HRQoL2) and in the following GPS (GPS2, HRQoL3). Tolerability, compliance, symptoms and medication use were assessed in the SLIT-tablet group by the physician. Results Overall, data were analysed in 576 patients. Mean differences (±SD) in overall scores for HRQoL3 versus HRQoL1 (186 patients) of SF-12 were ?11.4 ± 16.8 (SLIT-tablet) and -3.4 ± 15.7 (symptomatic medication), (p \ 0.0001), and of RQLQ -1.31 ± 1.07 and ?0.10 ± 0.74 (p \ 0.001), and for HRQoL3 versus HRQoL2 (238 patients) of SF-12 -1.6 ± 15.3 and -10.0 ± 14.1 (p = 0.0003), and of RQLQ ?0.22 ± 1.29 and ?1.24 ± 1.30 (p \ 0.0001). Tolerability and adherence for the SLIT-tablet were comparable with data of other non-interventional studies. Conclusions Routine treatment with the SQ Ò grass SLITtablet resulted in clear improvements in disease-specific and general quality of life, while no improvements were observed in patients treated only symptomatically.
Introduction
Allergic rhinoconjunctivitis is associated with impairments in the way patients function in day-to-day life and may significantly limit the health-related quality of life (HRQoL) of the patient as well as affecting school learning, performance and work productivity [1] .
HRQoL includes a large set of physical and psychological characteristics assessing problems in the social context of a patient's lifestyle. In allergic rhinoconjunctivitis, two types of HRQoL measures-generic and disease-specific-are used [2, 3] .The SQ Ò grass sublingual immunotherapy (SLIT)-tablet, developed for treatment of grass pollen-induced rhinoconjunctivitis was launched in Germany in November 2006 after gaining marketing authorisation in several European countries. The SQ Ò grass SLIT-tablet has been developed according to one of the largest clinical development programmes for a product of allergy immunotherapy (AIT). More than 5600 patients have been involved in randomised controlled clinical trials (RCTs) performed in Europe and USA, which collectively have demonstrated clinical efficacy and a favourable safety profile in adults, adolescents and children [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Diseasespecific HRQoL using the Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) [3] was also measured in the large placebo-controlled RCTs with the SQ Ò grass SLITtablet. The trials have shown significant improvements in the HRQoL in patients treated with the SQ Ò grass SLITtablet as compared to placebo [12, 14, 18] .
As the patients' perspective on improvements of disease-specific and everyday HRQoL is an important parameter to assess the benefits of a therapeutic intervention, the objective of our study was to explore the general and disease-specific HRQoL during routine treatment with the SQ Ò grass SLIT-tablet in the real-life setting. The HRQoL for the SQ Ò grass SLIT-tablet was compared to the HRQoL obtained for patients treated with symptomatic medication without AIT.
Methods

Study Design
The study was designed as a multicentre, open, uncontrolled and observational study according to non-interventional post-marketing surveillance studies mentioned in the German drug law analysed by epidemiological methods after marketing authorisation. (GPS1) and who were potentially eligible for treatment with the SQ Ò grass SLIT-tablet (GRAZAX Ò Phleum pratense 75,000 SQ-T/2,800 BAU, ALK, Hørsholm, Denmark) were asked to assess their HRQoL in GPS1 (HRQoL1) and to return after GPS1 either to start AIT and take symptomatic medication as needed or stay only with symptomatic medication (nasal, topical medication, eye drops/oral antihistamines/oral corticosteroids/b-agonists/ bronchially applied corticosteroids/other to be specified) without AIT for assessment of their HRQOL outside the grass pollen season (HRQoL2). All patients were asked to return within or shortly after the following GPS (GPS2) for assessment of their HRQoL (HRQoL3). The SQ Ò grass SLIT-tablet group in this study consisted of all patients who returned after GPS1 and started treatment with the SQ Ò grass SLIT-tablet (a maximum of four patients per site). The control group in a first step consisted of 'all other patients' included in the study. For comparison of the HRQoL data between the SQ Ò grass SLIT-tablet group and the symptomatic medication control group without AIT the patients who: 1) returned after GPS1 to start treatment with the SQ Ò grass SLIT-tablet but did not participate in the study, 2) returned after GPS1 to start another AIT and 3) did not return after the screening visit, were excluded from the control group. Furthermore, patients with HRQoL data that were not suitable for a comparison of HRQoL3 versus HRQoL1 were excluded. Patients who had their first visit after GPS1 were evaluated with respect to changes in HRQoL scores HRQoL3 (in GPS2) versus HRQoL2 (after GPS1) while patients who had only an off-season visit after GPS2 were not evaluated with respect to HRQoL.
Treatment with the SQ Ò grass SLIT-tablet was started after GPS1 and continued for about 12 months until the end of GPS2 (Fig. 1) .
Sites were distributed all over Germany to minimize a potential investigator bias. Physicians were asked to include patients in a consecutive order dependent on the patient's willingness to participate in the study to reduce a potential selection bias.
Ethics and Data Protection
According to German drug law, non-interventional postmarketing studies are notified to the authorities. If only data on treatment as part of the routine medical practice are recorded, these studies are not subject to approval by an independent ethics committee. Patients were asked for their consent to participate in the study. For recording and evaluation of data patients were assigned a three-digit patient number. Direct identification of the patients was restricted to the physician's offices participating in the study.
Patients
To be included in the study with the SQ Ò grass SLITtablet, patients had to give their consent and be candidates for AIT with the SQ Ò grass SLIT-tablet according to normal clinical practice and the indications and contraindications described in the summary of product characteristics (SmPC) [19] . Indications for treatment according to the SmPC are: grass pollen-induced rhinitis and conjunctivitis in adult patients with clinically relevant symptoms and diagnosed with a positive skin-prick test and/or specific immunoglobulin E (IgE) test to grass pollen. Contraindications are: hypersensitivity to any of the excipients (fish-gelatine, mannitol, sodium hydroxide), malignancy or systemic diseases affecting the immune system, e.g. autoimmune diseases, immune complex diseases or immune deficiency diseases, inflammatory conditions in the oral cavity with severe symptoms such as oral lichen planus with ulcerations or severe oral mycosis and patients with uncontrolled or severe asthma [in adults: forced expiratory volume in 1 s (FEV 1 ) \70 % of predicted value after adequate pharmacologic treatment].
Assessments
HRQoL was self-reported by all patients by means of the 12-Item Short Form Health Survey (SF-12, consisting of 12 items in 8 domains which can be summarised to the two major physical and mental component scores) [2] , to assess general HRQoL (score range 0 to 100, 100 = optimal HRQoL) and to assess disease-specific HRQoL by the Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ, assessing the seven domains: activity limitation, sleep problems, non-nose/eye-symptoms, practical problems, nasal symptoms, eye symptoms, emotional function on a scale 0-6 with 0 = 'not troubled' and 6 = 'extremely troubled') [3] . At a screening visit (S) in GPS1 the baseline HRQoL was assessed (HRQoL1) independently from the intended further treatment of the patient by AIT after GPS1. Furthermore, as baseline characteristics of the patients the clinical manifestation of allergy (rhinitis/conjunctivitis/bronchial asthma/atopic dermatitis/other), the medication prescribed (nasal, topical medication, eye drops/oral antihistamines/oral corticosteroids/b-agonists/ bronchially applied corticosteroids/other to be specified) and the severity of the allergy were recorded by means of Clinical Global Impression (CGI) on a seven-step scale (not at all ill/borderline ill/mildly ill/moderately ill/-markedly ill/severely ill/among the most extremely ill) [20] . The study visits and HRQoL assessments are explained in Fig. 1 .
The severity of symptoms in GPS1 (at nose, eyes, lung and skin) and prescription of further symptomatic medication was recorded retrospectively in all patients who returned to the physician's office after GPS1 when patients were asked to assess their off-season HRQoL (HRQoL2). In patients who had agreed to being treated with the SQ Ò grass SLIT-tablet, treatment was initiated by the first administration in the physician's office at visit 1 (V1). These patients were followed at visits every 3 months (V2-V5) when returning to the physician's office for renewal of prescriptions for the SQ Ò grass SLIT-tablet. At V2-V5, adherence, adverse events (AEs) and any discontinuations (including reasons for discontinuation) were recorded by the physician. Serious AEs were notified to the authorities, if applicable according to legal pharmacovigilance procedures.
At the final visit within (V4) or after GPS2 (V5) depending on whether the patient visited the physician's office for renewal of prescriptions of the SQ Ò grass SLITtablet, symptoms and use of symptomatic medication during GPS2 were recorded. 
Results
Disposition of Patients
Overall, data for 576 patients recorded from 155 allergists' offices in Germany were analysed, 364 patients treated with the SQ Ò grass SLIT-tablet could be analysed for safety and 211 grass pollen-allergic patients as controls (Fig. 2) . HRQoL data were available for 320 patients treated with the SQ Ò grass SLIT-tablet and 192 patients in the control group. Symptomatic medication prescribed at baseline (in GPS1) was in the SLIT-tablet group (multiple ratings): nasal, topical medication, eye drops 226 (70.6 %) patients, oral antihistamines 248 (77.5 %), oral corticosteroids 42 (13.1 %), b-agonists 12 (3.8 %), bronchially applied corticosteroids 42 (13.1 %), others 10 (3.1 %) and in the control group: nasal, topical medication, eye drops 124 (64.6 %) patients, oral antihistamines 248 (69.8 %), oral corticosteroids 42 (10.9 %), b-agonists 12 (4.2 %), bronchially applied corticosteroids 20 (10.4 %), others 1 (0.5 %). Patients who were treated with the SQ Ò grass SLIT-tablet, but did not participate in the study (N = 30), patients treated by another AIT than the SQ Ò grass SLITtablet (N = 27) and patients who did not return (N = 30) were excluded from the control group to obtain the symptomatic medication control group used for comparison of the HRQoL data between the SQ Ò grass SLITtablet group and the symptomatic control group without AIT.
The baseline characteristics of all patients who provided HRQoL data and were eligible for a comparison of GPS2 and GPS1 (HRQoL3 vs. HRQoL1), are shown in Table 1 observed with respect to age and gender. The frequency of bronchial asthma was higher in the SQ Ò grass SLIT-tablet group, but not statistically significant. However, patients in the SQ Ò grass SLIT-tablet group had a higher severity of allergy according to CGI with more patients assessed as 'markedly ill' as compared with the symptomatic medication control group. Accordingly, SF-12 and RQLQ scores of HRQoL1 (in GPS1) and HRQoL2 (after GPS1) were significantly higher in the SQ Ò grass SLIT-tablet group than in the symptomatic medication control group. For patients in the SQ Ò grass SLIT-tablet group, a different attitude towards AIT (more patients were interested in AIT with the SQ Ò grass SLIT-tablet and fewer patients were sceptical or refused AIT with the SQ Ò grass SLIT-tablet) was recorded as compared to the symptomatic medication control group at the screening visit (S) in GPS1.
For 134 patients treated with the SQ Ò grass SLIT-tablet and 41 allergic patients in the control group, no HRQoL data were available for comparison of HRQoL in GPS1 and GPS2 (HRQoL3 vs. HRQoL1). HRQoL data were available for analysis in GPS2 versus GPS1 for 138 patients in the SQ Ò grass SLIT-tablet group and 48 patients in the symptomatic medication control group, and HRQoL data for analysis in GPS2 versus outside GPS1 (HRQoL3 vs. HRQoL2) for 179 patients in the SQ Ò grass SLIT-tablet group and 59 patients in the symptomatic medication control group (Table 2) .
General HRQoL (SF-12)
The overall baseline results from SF-12 overall score and the results for the physical and mental component scores in GPS1 (HRQoL1) were lower in the SQ Ò grass SLIT-tablet group than in the symptomatic medication control group (Table 2) corresponding to the higher baseline severity of the allergic disease assessed according to the CGI-scale in the SQ Ò grass SLIT-tablet group (Table 1 ). In the SQ Ò grass SLIT-tablet group, the overall SF-12 results as well as the physical and mental component scores markedly increased in the first GPS with treatment by the SQ Ò grass SLIT-tablet (GPS2) compared with GPS1 at baseline (HRQoL3 vs. HRQoL1) with largest improvement for the physical component score. In the symptomatic medication control group, SF-12 scores slightly decreased. The differences between the mean score changes were statistically significant (p \ 0.0001, t test). Changes in SF-12 scores between HRQoL3 (GPS2) and HRQoL1 at baseline (GPS1) after 9 to 12 months of treatment are presented in Fig. 3 . Mean overall SF-12 scores and physical and mental component scores decreased only slightly in GPS2 (HRQoL3) as compared with scores outside GPS2 (HRQoL2) in the SQ Ò grass SLIT-tablet group (mean ± SD)-overall: (-1.6 ± 15.3); physical: (-2.3 ± 18.7); mental: (-1.2 ± 15.9), but decreased markedly in the symptomatic medication control group- SLIT sublingual immunotherapy Quality of Life with the SQ Grass SLIT-Tabletoverall: (-10.4 ± 14.1); physical: (-12.3 ± 18.5); mental: (-8.2 ± 13.9). The differences between the mean score changes of the two groups were statistically significant (p \ 0.01, t test). In the SQ Ò grass SLIT-tablet group, 98 of 138 patients (71.0 %) showed improvements of their general intra-seasonal HRQoL according to the overall SF-12 score whereas 17 of 48 (35.4 %) patients had an improvement in the symptomatic medication control group (p \ 0.0001, v 2 test).
Disease-Specific HRQoL (RQLQ)
The baseline RQLQ scores (overall score as well as scores of the seven individual domains) in GPS1 (HRQoL1) were higher in the SQ Ò grass SLIT-tablet group compared with the group of patients receiving symptomatic treatment without AIT (Table 2 ). This was in line with the pattern observed for the SF-12 scores. A marked improvement in the overall RQLQ score (-1.31 ± 0.96) between the baseline scores in GPS1 (HRQoL1) and the scores in GPS2 (HRQoL3) was observed for the group of patients treated with the SQ Ò grass SLIT-tablet. Largest improvements from baseline in the SQ Ò grass SLIT-tablet group were observed in the domains: nose symptoms (-1.75 ± 1.44), practical problems (-1.72 ± 1.53) and eye symptoms (-1.39 ± 1.37). In the symptomatic medication control group a slight increase of the overall score (?0.10 ± 0.74) was observed corresponding to a slight deterioration of diseasespecific HRQoL (Fig. 4) . The differences in the mean score changes between the two groups were statistically significant (p \ 0.0001, t test). In the SQ Ò grass SLIT-tablet group, 121 of 138 (87.7 %) patients showed improvements in their disease-specific intra-seasonal HRQoL versus 19 of 48 (39.6 %) patients in the symptomatic medication control group (p \ 0.0001, v 2 test). When comparing the RQLQ scores in GPS2 (HRQoL3) with the scores observed outside GPS1 (HRQoL2) in patients treated with the SQ Ò grass SLIT-tablet, scores slightly increased (0.22 ± 1.29 for the overall score) but markedly increased in the symptomatic medication control group (1.24 ± 1.30). 
Grass SLIT-Tablet
Median duration of treatment with the SQ Ò grass SLITtablet was 11.5 (mean 10.89 ± 3.44 SD) months. The proportion of patients treated with the SQ Ò grass SLITtablet with improved symptoms or patients who became free of symptoms in GPS2 versus GPS1 (baseline) was 78.5 % for nose symptoms (12.1 % became free of nose symptoms), 73.6 % for eye symptoms (28.1 % became free of eye symptoms), 75.5 % for bronchial symptoms (49.7 % became free of bronchial symptoms) and 52.1 % for skin symptoms (40.8 % became free of skin symptoms). The proportion of patients who used additional symptomatic medication in the SQ Ò grass SLIT-tablet group decreased from 96.5 % in GPS1 (baseline) to 52.1 % in GPS2.
Adherence and Tolerability
Between 77.2 % out of 189 patients with data for the fourth prescription interval and 80.1 % of patients out of 331 patients (two missing values) with data for the first assessed prescription interval were assessed to have taken the SQ Ò grass SLIT-tablet regularly (one tablet per day) during the study. The question 'did the patient take the SQ Ò grass SLIT-tablet regularly in all documented prescription intervals' was answered 'yes' in 63.2 % out of 331 patients (two missing values) with initiation of treatment with the SQ Ò grass SLIT-tablet who had been included in the study and had at least one follow-up visit. Treatment with the SQ Ò grass SLIT-tablet was continued after the last visit of the study in 230 out of 364 (63.2 %) patients who initially started treatment.
AEs were reported in 17.9 % of patients treated with the SQ Ò grass SLIT-tablet. The majority of these events were judged to be related to the administration of the SQ Ò grass SLIT-tablet and occurred at the first administration. None of the AEs were serious. Treatment with the SQ Ò grass SLIT-tablet was discontinued due to AEs in 18 patientsin the majority of the patients due to local reactions at the application site in the mouth, and cough, respiratory distress, exanthema and urticaria (each in a single case); 10 patients were medically treated, primarily by antihistamines (allergic rhinitis/conjunctivitis, local reactions at the application site, exanthema/itch, anxiety state) and by an aerosol due to cough and by a beta-blocker due to hypertension. The most frequently reported AEs were local reactions at the administration site in the mouth (oral pruritus, paraesthesia oral, oedema mouth and swollen lip/tongue).
Discussion
HRQoL self-assessed by patients is very important as an outcome parameter for measurement of patients' individually perceived benefit and for analysis of cost-effectiveness of a therapeutic intervention [1] . Both disease-specific and general HRQoL instruments have been validated in different languages and published [2, 3] . Improvements of the disease-specific HRQoL are especially important for long-term treatments like AIT.
Our study has shown that patients routinely treated in the allergist's office with the SQ Ò grass SLIT-tablet perceive remarkable improvements in general and diseasespecific HRQoL after approximately 12 months of treatment as compared to baseline. All improvements in the intra-seasonal disease-specific HRQoL for the SQ Ò grass SLIT-tablet group were clearly above the threshold of 0.5 for a clinically important improvement previously defined by Juniper [21, 22] .
No improvement in the HRQoL was observed in patients treated only with unspecific commonly used symptomatic medication such as antihistamines, corticosteroid nasal sprays and/or eye drops. The HRQoL for the allergic patients treated with symptomatic medication did not change, but tended to deteriorate as was to be expected for patients with unspecific treatment of allergy. The differences in HRQoL scores between AIT with the SQ Ò grass SLIT-tablet and the unspecific treatment by symptomatic medication were highly significant. It has to be taken into consideration that the allocation of the patients to the SQ Ò grass SLIT-tablet group or to the symptomatic medication control group was performed according to reallife procedures (i.e. as an agreement between physician and patient) and not by randomisation as in a RCT. Accordingly, the SQ Ò grass SLIT-tablet group and symptomatic medication control group were only comparable with respect to age and gender, but different for frequency of asthma and with respect to a higher severity of allergy according to the CGI scale and a different attitude towards AIT with the SQ Ò grass SLIT-tablet and impairment of HRQoL at baseline.
Nevertheless, in our study improvements in HRQoL were observed that confirm the results from previously conducted RCTs with the SQ Ò grass SLIT-tablet [12, 14, 18] and indicate the potential for significant improvements in HRQoL after treatment with the SQ Ò grass SLIT-tablet in real-life.
Limitations of our study are those of a prospective, open-label, uncontrolled observational study in the real-life setting. In order to minimise a potential investigator bias, sites distributed all over Germany were involved. For reduction of a potential selection bias physicians were asked to include patients in a consecutive order according to the consent of the patients to be included in the study. A source of potential bias in comparisons of the HRQoL scores between GPS2 and GPS1 is the number of pollen grains the individual patient has been exposed to and the natural variability of the grass-pollen load in Germany in the two GPS compared in our study potentially inducing an 
HRQoLincrease
HRQoL-decrease Fig. 4 Changes in RQLQ scores for individual domains and overall scores in the SQ increase in perceived HRQoL by patients in case of a lower pollen exposure in GPS2 after about one year of treatment compared with baseline GPS1.
Conclusion
In conclusion, routine treatment with the SQ Ò grass SLITtablet resulted in clear improvements in disease-specific and general HRQoL as compared to unspecific treatment with symptomatic medication only.
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